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PREFACE 
A pro�.itable :f'uture for the beef' industry will depend on the 
efficient use of feed am fixed resources. It beef is to canpete with 
new, less expensive, nutritionally ad.equate and consumer acceptable 
protein sources, efficiency or production must be greatly increased. 
Substan-tial improvement will be important not only in post-weaning 
conversion of resources to edible product but especially when 
considering the·cow herd and production of calves to weaning. 
Effect of cow.size on efficiency of production has long been· 
of interest to researchers and producers. Research has general.l.y shown 
that maintenance feed requirements are proportional to body weight•75 
(Klosterman ,!1 .!!• , 1968; Turner !i .!!•, 1974). This has promoted the 
belief that weaning efficiency is highly dependent on cow size. 
However, many studies have detected increases in calf weights with 
increasing cow weights • 
. · The purpose of this study was to gain understarding of the 
variables affecting efficiency or cows am production of their calves 
1 
to weaning. Specific effects of cow size, condition and m11k production 
on efficiency were examined along with reproductive performance or the 
experimental· females to determine net weaning efficiency. An attempt 
was also made to examine traits that could be used in practical 
situations to detect differences in cow efficiency. 
Considerable research has been conducted to evaluate post-. 
Weaning efficiency of nutrient utilization, but due to expense and 
time requirements individual feeding or cows and their progeny has 
been lim ited. Methods employed to individually :teed cows in drylot 
have been feeding according to metabolic weight (K1osterman _tl .!!·, 
1974.; Turner � !!·, 1974), feeding to maintain equal f'atness by visual 
apprais al (Carpenter et al., 1972) and feeding low energy rations 
--
2 
� libitum (Kress .!.!: .!!•, 1969; Onks .!!, .!!•, 1975). Various problems 
have been encountered with use of such methods. In the project reported 
here, an attempt was made to simu1ate pasture nutrition levels in the 
reeding or drylot cows. 
The experiment began with production of' straightbred Angus, 
straightbred Charolais and reeiprocal cross females at the South D akota 
State University Beef' Breeding Unit tran 1970 through 1972. Females 
were randomly a11otted to a drylot or pasture management regime a.rd · 
data f'or this thesis came from the first three call' crops produced by 
drylot cows f'rom 1972 through 1974. 
Feeding 2£. Females Until First Calving 
Rations an:i amounts allotted to individually fed heifers from 
weaning to their first c alving are presented in table 1. P ellet I fed 
initially to heifers born in 1970 contained 24.7� oats, 24.7� alfalfa 
hay, ·7.4� corn, 9.1� soybean oil' meal, 7.4f, molasses am l.� Duraborxi. 
On May 6 ,  1971, the pellet formulation was changed to 2� corn cobs, 
27� corn, 29� oats, 12� alfalfa, 7f, molasses and lf, Durabond. During 
the period of ·June 7 to August 29, 1972, the 1971 heifers received 
e ither .9 or 1.8 kg of ground, shelled corn depending on the condition 
of the irrllvidual. On February 14, 1974, the ration was again changed 
Period 
Weaning ?2 to 5/5/71 
5/6/71 to 10/21/71 
10/22/?l to 11/9/?1 
ll/9/71 to calving 
Weaning 71 to 1/29/72 
l/J0/?2 to 6/6/72 
6/7/72 to 8/29/72 
8/30/72 to calving 
Weaning 72 to 7/3/73 
7/4/73 to 10/4/73 
10/5/?J.to 10/Jl/7J 
ll/1/?J to 2/13/74 
· 2/14/74 to calving 
TABLE 1.- FEEDING REGIME FRCll WEANINJ TO FIRST CALVING 
Ingredient 
Corn Chopped Alf'alf'a . Shelled -Ground ear 
silage Pellet I Pellet II alfalfa pellets corn corn 
(kg) (kg) (kg) ha.y (kg) (kg) (kg) ' • (kg) 
I 
2.27a ad lib. 
· --
12.Z.Q. heiters 
ad lib. . 1.36 
(J7S°6:77o4)b 1.36 
1.36 
1971 heifers 
1.36 
2.72 
2.72 
2.72 
� heifers 
1.36 
l.J6 
2.72 
2.72 
4.09. 
( 4.54-8.40) 
ad lib. 1.36 
8d Rb. : 1.82 
ad Rb. (.91�1.82) 
( 4709:0.58) 
ad lib. 
ad lib. .91 
id lib. 
( 5-;45::;:26) 
(3.18-4.Jl) 
a One numerical value indicates amount of ingredient fed to all heifers. 
b Values in parentheses irdicate range of quantities fed. 
� 
when it became more economical to feed ground ear corn than alta1ta 
pellets to meet energy requirements. 
Feeding Regime After First Calving 
The feeding regime from initial parturition·or the 1970 cows 
in 1972 .through weaning of the 1974 calf crop is presented in table 2 .  
Tabular TDN values of feeds on a "loo� dry matter basis used in this 
study were chopped alfalfa hay, 58�; alfalfa pellets, 62�; cracked 
shelled corn, 91� and ground ear corn, 90� . During lactation,· cows 
with calves received cracked shelled corn in 1972 and 1973 and 
inereased levels of ground ear corn in 19?4. · Nonlactating cows also 
received grain supplementation during the breeding season but at 
reduced levels. 
£!!! Creep Rations 
Creep teed formulations and estimated TDN level in each are 
presented in table J. Two different rations were fed in 1972. 
Ration i was available fran July 5 until September 4 and was changed 
at that time due to bloat problems. Ration II was fed .from 
September 5 until weaning of that year. 
Management Dates .!!!!, Trait Measurement 
Important management dates tor the period or study are shown 
in table 4. 
Milk production was estimated by the calf-weight-change method. 
Progeny were separated fran. their dams overnight, weighed .at 7 am, 
allowed to nurse and reweighed. Calves remained separated during the 
4 
TABLE 2.  FEEDING REGIME FROM CALVING IN 1972 TO WEANING IN 1974 
Chopped 
InEedient 
Cracked 
alfalfa Alfalfa shelled Groutd 
hay pellets corn ear corn 
Pe·riOd �k,2 �k'l �k,2 (ks2 
Calving 72 to 6/5/72 2.72a 1 . 82 
6/6/72 to 7/3/72 2.72b (3 . 63-7 . 72 )d (1.82-3 . 63 )  
2.72C (2.72-4. 54) 1 . 82 
7/4/72 to 8/2/72 2.72 (4. 54-6. 36 )  (3 . 63-4 . 54)  
2 .72 4 .54. 3. 63 
8/ 3/72 to weaning 72 2.72 (5.45-8 . 17 )  (3. 63-4.54)  
2 .72 (3. 63-4.54) J . 63 
11/17/72 to 12/22/72 2.72 (2�72-4.;54)  
12/ 23/72 to calving 73 2.72 (4.09-6.81 )  
Calving 73 to 6/J0/73 2.72 (4.09-6 . 36 )  2. 27 
2 .72 (4. 31-5.90 )  
7/1/73 to 8/29/73 2.72 ( J . 63-8.17 )  (2. 27-4. 54) 
2 .72 (4. 31-8.17 )  1 . 36 
8/30/73 to weaning 73  2.72 (5 .45-8.17 )  ( 2.  72-4 • .54) 
. 2 .72 (4. 54-7. 26 )  
11/1/73 to 2/14/74 2.72 (4. 54-8.17 )  
2/15/74 to calving 74 4.09 (3 . 18-5 .45 )  
Calving 74 to 8/1/74 4.09 (6 . 81-9 .53 ) 
4.09 (1 . 36..2.27 )  
8/ 2/?4 to weaning 74 4.09 (5 .00-9 .08 ) 
4.09 ( .91-2.27 )  
a One numerical value per period irrlicates---quantity of ingredient 
f' ed to all cows. b Values on first line for period irdicate quantity of ingredient 
f'ed to lactating cows. 
· 
c Values on second line for period indicate quantity of ingredient 
feel to nonlactating cows. 
d Values in parentheses indicate range of quantities fed. 
5 
TABLE J. CALF CREEP FEED FORMULATION 
Percent of ration 
In£edient 12Z2-Ia i2z2-n 12z� 
Cracked corn 50 65 65 
Oats 25 10 10 
Soybean oil meal 5 5 5 
.Alfalfa pellets 10 10 10 
Chopped alf'alfa 10 10 10 
Vitamin A (IU/lb) 4000 
Percent TDN (dry matter) . 80 .6 82.9  82.9  
Percent TDN (as fed) 72. 5  73. 5  73 . 5  
6 
12Z4 
70 
15 
5 
10 
85 .0 
77.5  
a Ration I was fed initially in 1972 but was changed on September·� 
due to incidence or bloat. 
TABLE 4. IMPORTANT MANAGEMENT DATES 
Item 12z.! i2z 2 12z� i2z4 
First c.ow bred June 21 June 20 June 6 
Last cow bred Aug. 24 Aug. 21 Aug. 6 
First calf' born March 28 March 28 March 11 
Last c alf' born June 7 Mq 31 May 15 
Creep f'eed started July 5. June 8 May 14 
Milk production June 8 June 12 June 4 
meas�ed July 7 July 10 July 2 
Aug. 31 Aug. 28 Aug. 27 
Sept. 28 Sept . 25 Sept. 24 
C astration Nov. 1 Oct . 19 Oct . 18 
Calves weaned Nov. 20 Nov. 2. Nov. 1 
d ay and the same process was repeated at 4 pm. The sum or differences 
in pre- and postnursing weights was considered as 24-hour milk 
production. Six such measurements were collected in 1972 and 1974, but 
due to mechanical problems only four measures were taken in 1973 . 
Additional. estimates of milk levels recorded but not listed in table 4 
or utilized in data analysis were- collected August 3 and October 26 in 
1972 azxi July 30 and October 22 in 19?4. 
Models &rlplayed E 12!:!:.! Analyses 
Four statistic al mod els :were employed for analysis or data ·by 
lea st squares procedures . Mod els I run II were used to analyze records 
or cows weaning calves for efficiency and related trait s .  Models III· 
ard r:v were similar to models I an:i II, respectively , but were utilized 
for analysis or reproductive performance of all in:lividually fed 
fem ales. Model I was Yijklmnop = µ. + Bi + Dj + Sk � R). +bAm + bPn + 
bF0 + BDij + BSik + BRil + DSjk + DRjl + SRfc1 + BDSijk + BDRijl + 
BSRikl +·DSRjkl + BDSRijkl + eikjlmnop where 
� is the population mean 
Bi is the ef'fec t c anmon to 
of' dam 
Dj is the effect common to 
d am  
5l< is the effect common to 
c alf 
all observations 
all observations 
all observations 
or the ith breed 
of the jth 
of the kth 
age or 
sex of 
R1 is the effect common to all observations of the 1th year 
bAm. is the linear regression effect on the mth age of calf 
7 
bPn is the.linear regression effect on the nth previous parity 
bF0 is the linear regression effect on the oth future parity 
BDi.j refers to the interaction of' the i th breed of' dam and jth 
age of' dam 
·BSik refers to the interaction of the ith breed of' dam and kth 
sex of calf 
BRj_]. refers to the interaction of the ith breed ot dam and 1th 
year 
DSik refers to the interaction of the jth age of dam and kth 
sex of' cal! 
DRj1 refers to the interaction of the jth age ot dam and lth 
year 
Sl\1 refers to the interaction of the kth sex of calf and 1th 
year 
BDSijk refers to the interaction of the ith breed of dam, jth 
age of dam and kth sex of calf 
BDRf_jl refers to the interaction of the ith breed of dam, jth 
age or. dam and 1th year 
BSRikl refers to the interaction of the ith breed of dam, kth 
sex of' calf and 1th year 
DSRjkl refers to the interaction of the jth age of dam, kth 
sex of calf and 1th year 
BDS�jk1 refers to the interaction of the ith breed of dam, 
jth age of dam, kth sex of calf and 1th year 
8 
eijklm.nop is the random effect particular to the ith breed or 
dam, jth age of dam , kth sex or calf, 1th year, mth age 
. of calf t nth previous parity and oth future parity that 
causes the pth observation to deviate f"rom the expected 
mean. 
Cal.t age, previous parity am future parity were coded as continuous 
variables resulting in estimation ot partial regression coetticients 
associated with one degree of freedom. Secord and third order inter­
actions were not estimable directly with the computer program utilised 
tor analyses. The third order interaction was assumed to be zero and 
B x D x S and B x S x R were estimated by difference tor I and II, 
tested and fowd not significant ( P> .05) by Bartlett• s Test of 
Hoaogenei ty ( Snedecor, 1946). B x D x R arxl D x S x R were not 
estimable since all ages of dam were not present in a11 years. 
Analysis ot variance for model I including main am first order inter­
action ettects with expected mean squares is shown in table 5. Model 
II vaa identical to model I except that average cow weight, milk 
production am cow condition were also included as continuous 
irxlependent variables. 
ibe complete model III for analysis or reproductive performance 
was Yijklm = Jl + � + Dj + Ric + bP]_ + BDi_j + BRik + DRjlc + BDRijk + 
eijklm where 
J1 is the population mean 
Bi_ is the effect common to al.I observations of the ith breed 
of dam 
9 
10 
TABLE 5. ANALYSIS OF V ARIAK:E WITH EXPFI:TED ME AN  SQUARES FOR MODEL I 
Source ot· Degrees ot 
vari!�ion freedom 
Breed ot dam (B) (B-1) 
Age ot dam (D) (D-1) 
Sex ot calf (S) (S-1) 
Year (Y) '{Y-1). 
BxD (B-l)(D-1) 
Bxs (B-l}(S-1) 
Bx! (B-l)(Y-1) 
DxS (D-l)(S-1) 
DxY (D-l)(Y-1)-3 
SxY (S-l)(Y-1) 
Age of c alt ( linear bA) 1 
Previous parity (linear bP) 1 
Future parity (linear bF) 1 
Remailner 
Expected 
mean s3uare 
· 6 e 2 + kiJ a-b 
2 
a-.2 + kJ.26'd
2 
2 2 
"e + kila-s 
2 2 6 e + k10 6y 
<Je
2 + k9crbd 
2 
a-e2 + kaohs
2 
<:> e
2 + k7 6"by
2 
. 2 2 a-e + k6 °ds 
cJ .2 + ks a--dy
2 
cre
2 + k4usy
2 
6 e2 + kJ <>a2 
(F e
2 + k2c:> p 2 
cre
2 + qo-r
2 
� 2 e 
Dj is the effect common to all observations of the jth age or 
dam 
Ri< is tlie effect common to all observations or the kth year 
bP]. is the linear regression ·effect on the lth previous 
parity 
B�j refers to the interaction of the i th breed ot dam am 
jth age of dam 
BRuc refers to the interaction of the 1th breed of d• am 
kth yea:r 
DRjk refers to the interaction of the jth age of dam am 
kth year 
BDR-fjk refers to the interaction of the ith breed of dam, 
jth age of dam and kth year 
eikjlm is the random effect particular to the 1th breed of 
dam, jth age of dam, kth year and 1th previous parity 
that causes the mth observation to deviate fran the 
expected mean. 
Analysis of variance _is shown in table 6. Model IV was the same as 
III except that cow weight was included as a continuous independent 
variable. 
Coefficients for breed group canparisons of reproductive traits 
are shown in table 7. Five comparisons were made with three available 
degrees of freedom and therefore all comparisons are not independent. 
Decreased confidence in probability levels due to nonorthogonal 
comparisons was counterbalaneed by the use of more conservative 
12 
TABLE 6. ANALYSIS OF VARIAtl:E WITH EXPBX:TED MEAN SQUARES FOR MODEL III 
Source ot Degrees· or Expected 
varia.tion freedom mean sguare 
Breed ot dam ( B) (B-1) a-e
2 + k?6b
2 
Age of dam (D) (D-1) oe
2 + k6D'd
2 
Year (Y) (Y-1) oe
2 + ksoy
2 
BxD (B-l)(D-1) 6" e2 + k46bd2 
BxY (B-l)(Y-1) ue2 + kJoby-
2 
DxY (D-l) (Y-1)-3 6 82 + k26dy
2 
Previous parity (linear bP) 1 09
2 + kJ.O-p
2 
R•aimer 09
2 
TABLE?. COEFFICIENTS FOR BREED GROUP COMPARISO� 
Breed £0UJ2 
Com;earison AA cc AC CA 
Straightbred vs crossbred -1 -1 +1 +1 
Angus vs Charolais +1 -1 0 0 
Angus-Char. vs Char .-Angus 0 0 -1 +l 
Angus vs crossbred +2 0 -1 -1 
Charolais vs crossbred 0 - 2 +1 +l 
·13 . 
tw� tailed ·Student 1 s t-tests when one-tailed values would be appropriate · 
. .  
for tests of heterosis as indicated by Cundiff�.!!· (1974). 
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INTRODUCTION 
A pro.fi.table future for the beef industry depends on its ability 
to become more efficient. There has been interest in recent years in 
the relationship between cow size an:! efficiency of production. 
Maintenance requirements are gene�ally regarded to be dependent on cow 
weight (Klosterman et al. , 1968; Turner et al. , 1974; N.R.C., 1970), -- � -
and this fact has propagated the belief that efficiency is highly 
dependent on cow size. However, research has indicated positive 
association between dam weight and progeny weights ( Bennyshek an:l 
Marlowe, 1973; Trail et al. , 1971; Christian et al. , 1965; Jeffery and -- ---
Berg, 1972; Brinks et al. , 1962; Miguel et al. , 1972; Vaccaro and 
_._ --
Dillard, 1966; Urick .!,l .!!_., 1971). 
This report deals with an analysis of data collected in the 
first three years of an experiment designed to detect differences. in 
cow efficiency. The purpose of this study was to examine the sources 
ot variation affecting cow-calf efficiency to weaning with specia1 
emphasis placed on effects due to breed group, cow weight,· cor.dition 
and milk production. Reproductive traits were also analyzed to 
characterize net weaning efficiency of the experimental females. 
MATERIALS AND METHODS 
Source of Data 
--· 
Straightbred Angus, str aightbred Charolais and reciprocal 
crosses of these breeds were produced from 1970 through 19?2. They 
were the objective of an earlier crossbreeding project in which 
straightbred Angus an:l 75% or higher Charolais cows were bred at 
random to one .Angus and ·one Charolais sire. Thus, straightbred .Angus 
and Angus-Charolais crosses were paternal half-sibs, as also were 
straightbred Charolais ard Charolais-Angus crosses. 
Heifers were randomly allotted to either a drylo t or pasture 
management regime. All 1970 heifers were ind�vidual.ly fed in drylot 
until a year of age at which time half were placed on pasture. The 
1971 a?Xi 1972 heifers were assigned to one of the two systems at 
weaning. The pasture group was grazed on improved pastur e in the 
summer and wintered in drylot under traditional management conditions. 
Drylot cows were individually fed weighed amounts of feed throughout 
the year. 
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Data for this study were collected fran drylot cows a.rd their 
firs t three calf crops produc ed from 1972 through 1974. The breed.-year­
age of dam dis tribution of drylot cows is· presented in table 8. All 
cows were artlficially ins eminated to calve first as two-year-olds . 
Breeding s eas ons were 65, 6.3 and 62 days . Cows were removed fran the 
project if they failed. to wean a calf in two cons ecutive years . One 
Polled Hereford bull sired the 1972 and 1974 calf crops and a s econd 
TABLE 8 .  SUECLASS FREQUEK:IE.5 OF EXPERDiENl'AL FDIAL&S 
Breed e1rouEa 
16 
Year �e AA cc AC CA Total 
1972 2 12 6 11 8 37 
1973 2 6 6 5 6 23 
3 6 6 7 6 25 
1974 2 5 6 6 6 23 
3 6 6 4 6 22 
4 z 6 8 6 27 
Total .42 36 4:._ 38 157 
a AA= Angus x Angus, CC = Charolais x Charolais, AC = Angus x 
Charolais and CA = Charolais x Angus. 
sire of the same breed produced the 1973 proger.w. Thus, sire am year 
differences were confounded. 
Cows were assigned at random to ir:di vidual feeding pens and were 
al.lowed weighed amounts of feed twice daily. During the first two 
years of the study, cows received constant amounts (2.7 kg daily) of 
chopped alfalfa hq, variable quantities of" alfalfa pellets throughout 
? 
the period and v aria ble levels of cracked shelled corn during lactation. 
In 1974 , 4 . 1 kg of chopped alfalfa hay were fed daily to all cows and 
variable amounts of ground ear corn provided the major energy require­
ment. '!he quantities of pellets a.rd/ or co"-1 8:1:1ocated to each cow was 
dependent on her irrli vidual weight change over each 28-day period arxi 
the weight change of her contemporary age-breed-parity group in the 
previously described pasture management regime. If an inUviduall.y 
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fed drylot cow was· not gaining or losing weight at the same rate as her 
pasture contemporaries, her diet was adjusted accordingly. Thus, · an 
attanpt was made to simulate pasture weight change patterns in the 
drylot population. Figure 1 depicts least squares means or weights 
taken at calving and weaning for drylot and pasture groups over the 
period or study. 'lhese means were calculated for cows weaning calves 
and were adjusted ror breed, age, year am unequal subclass numbers. 
Figure 2 shows a plot of similarly calculated means for weight-wither 
height ratios taken at cal.ving ard weaning. 
Progeny were al.lowed to nurse twice daily while cows were 
exposed to i.rdi vidual feeders. Weighed amounts of creep feed were 
available !2_ libitum at night an:i calves ran together in drylot during. 
the day. Creep feed TDN estimates rang·ed fraa 72.5 to 77.5rf, over the 
three-year period. 
Trait Measurement 
All cows were weighed at 28-day intervals. Weights arxi wither-
height measurements were taken following parturition and at weaning. 
Nonlactating cows were also weighed and measured during the calving 
season an::i at weaning. 
Weaning. efficiency was calculated as the ratio of total TDN 
intake of th e cow and calf to weaning weight of the cal f. Cow TDN was 
the total intake from weaning time of the previous year until
 weaning 
of the calf and c alf TDN was th at amount received from creep feed only. 
Weaning weight used in the d enomin ator of the efficiency ratio was th e 
actual unadjusted measure. 
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Milk production data were collected by the calf-weight-change 
method {Neville, 1962). Measures were taken at 28-day intervals 
beginning when progeny averaged 40 to_ 50 days of' age and could consume 
all milk produced by their dams in one nur·sing. Al though six month1y 
milk production measures were taken in two years of' study, only four 
were available in one year. Totusek .!!:. !!• (1973) found a correlation 
of .91 (P <. 01) between four calf-weight-change measures arx:l actual 
210-dq lactation totals. Based on those results, the sum of four 
measurements taken on similar dates in all three years was used as an 
estimate of' annual milk yield. 
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Cow weight was calculated as the average of' 14 weights taken 
over the same thirteen 28-day periods as cow TDN intake. The ratio or · 
weight to wither height taken at weaning served as a measure of' cow 
col'dition in this analysis. Weight-height ratios have been used by 
several workers as an iniicator of' fatness (Klosterman!! al., 1968, 
1974; Kress et al., 1969; Lindsey et al., 1970; Jeffery and Berg, 1972; 
�� --
Hohenboken ,!i .!!• , 1973). 'Ibis measure was not available. for dry cows 
in the first year of the study. 
Reproductive traits were coded as 0 or 1 with the exception of' 
preVious parity. Codes for this trait were 1 = heifer, 2 = calf" 
weaned, J = calf born but not weaned 8.nd 4 = nonparturating. Future 
parity iniicated pregnancy st atus for th e last portion of the year of' 
r ecord. Calves born was u sed as an indic ator of fertility and a 1 was 
r ecorded at p ar tur iti on regardless of the condition of the calf. 
Calves weaned was an indicator of livability. Results for fertility 
and livability are presented as percentages. 
Analyses .2! � 
Least squares procedures (Harvey, 1960 ) were utilized for 
initial analysis of the data. Fo� statistical models were employed, 
two for the study of weaning efficiency which included only data or 
cows weaning calves {table 9 )  and two for the analysis or reproductive 
traits or all irdividual.ly fed females. 
In model I, cow TDN, calf TDN, total TDN, actual weaning weight 
of the calf, weaning efficiency, milk production, cow weight and cow 
condition were dependent variables. Effects due to breed of dam, age 
of dam, calf sex, year and all first order interactions were included 
along with cal.f age, previous parity and future parity as continuous 
independent variables. Model II was similar to model I., except that 
milk production, cow weight and cow condition were included as 
continuous imependent variables rather than as dependent variables. 
The purpose of this analysis was to study the infiuence of milk, · 
weight and cornition on efficiency a.rd related traits and to observe 
any reduction in breed of dam effects when these variables were 
included. 
Model III for analysis of fertility and livability included 
breed, age and year as discrete clas ses, first order interactions 
between them and previous parity as a continuous variabl�. In model 
IV, cow weight was also included as a continuous variable along with 
those sources listed for model III. Because height measures were not 
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TABLE 9. SUBCLASS FREQUEN::IES OF COW-C.ALF WEANING Im:ORDS 
Year 
1972 1973 1974 
22 
M F M F Total 
AA 
cc 
CA 
6 4 
2 2 
5 4 
4 4 
7 4 
4 3 
2· 5 
3 8 
7 7 
7 5 
5 9 
10 5 
)5 
23 
JO 
34 
Total 17 14 16 20 29 26 122 
a AA = Angus x Angus, CC = Charolais x Charolais, AC = Angus x 
Charolais a.rrl CA = Charolais x Arigus. 
b M = male, F = female. 
available for six dry cows in the first year, cow condition was not 
incorporated in the model. The effect of corxiition was estimated in an 
analysis excluding the six missing observations. 
Linear functions of least squares constants were. utilized to 
make breed group comparisons for reproductive traits. Canparisons are 
not all orthogonal since more are made than there are irdependent degrees 
of freedom. �us, the error rate may be slightly different from 
probability levels noted. However, Student's two-tailed t-test was 
used to evaluate all comparisons when more lenient one-tailed values 
would be appropriate (Cundiff !! .!!·• 1974 ). 
Where possible, the importance of second order interactions 
was estimated. Breed of dam x year x age of dam and sex x year x age 
of dam effects were not estimable due to missing subclasses in yea
r-
age of dam categories. Breed of dam x sex x age of dam and. bret;rl of 
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dam x sex x year were found not to be significant by Bartlett• s Test of 
Homogeneity (Sned ecor, 1946). The third order interaction for models 
I arxi II was assumed to be zero. 
A step-down procedure was used to delete those indepement 
variables in all models which were not important sources of variation. 
" 
Variables were deleted if analysis resulted in F values less than the 
• 25 probability level. Each dependent variable was analyzed separately. 
Breed of dam was iro.luded in all models even though it did not alwqs 
attain significance of • 25. 
Multiple regression analysis was un:iertaken to examine biological 
differences am practical in:licators of cow-calf efficiency. Partial 
regressions of cow weight, condition and milk production on efficiency 
were calculated from the residual correlation matrix of the final step-
down efficiency analysis of model I. Proportion of variation in 
efficiency accounted for by these three variables was then determined 
by utilizing the standard partial regressions to calculate the 
appropriate reductions . Stepwise multiple regression analysis was 
utilized to estimate the importan ce of practical and available traits 
in accounting for variation in efficiency. Initially actual weaning 
weight, calf age and sex, cow weight, condition a.rd milk levels were 
included as indeperrlent variables. In a second analysis, age, sex ard 
age of dam ad justed weaning weight (B.I.F., 1974) was al.so studied . 
RESULTS AND DISCUSSION 
Means 41ld a.tandard deviations of traits describing the drylot 
population are shown in table 10. Cow TDN intake was higher than 
values reported by Carpenter et al. (1972), Klosterman et al. (1974) 
-- ---
a.rd Turner !1 !!· (1974) utilizing mature cows on higher roughage 
diets. Intake and resulting efficiency differences may retlect cow 
age and ration energy content differences among these studies. 
Model 1 Analysis 
Least squares means and partial regression coefficients are 
shown in table 11 for sources remaining in the model after final 
step-down elimination. Correlations presented in table 12 are from 
the residual matrix of dependent variables of the initial model I 
analysis. 
Although significant breed of dam differences in milk produc­
tion did not exist, Angus cows had the highest estimates, crossbreds 
were intermediate and Charolais cows produced the lowest levels 
(table 11). Calf age and year effects were significant (P<.Ol) for 
this trait as was the breed of dam x sex interaction (P<.05). Mille 
estimates decreased as calf age increased; ildicating a decline in 
milk production as lactation progressed. Calf sex had no important 
effect .(P> 925) on milk production, but cows nursing bull calves ten:led 
to produce higher levels. Mil1c production was moderately associated 
With efficiency (r = - .52) an:i weaning weight (r = .44). High positive 
correlations for milk yield aJ'Xi weaning weight have been reported by 
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TABLE 10. MEANS AND STANDARD DEVIATIONS OF 
DRYLOT DAM AND PROGENY TRAITS 
Item 
Average cow weight (kg ) 
Cow weight/height at weaning (kg/cm) 
Milk produc tion (kg )4 
Actual weaning weight (kg) 
.Adjusted weaning weight (kg)b 
Calf age at weaning ( days) 
'Cow TDN intake (kg ) 
Calf TDN intake (kg ) 
Total TDN intake (kg) 
Total TDN/ actual weaning weight (kg/kg ) 
a Total or tour measuranents. 
b Age, sex am age of dam adjusted. 
Mean 
4Jl.5 
J.92 
19.9 
218 
255 
201 
22J4 
235 
2469 
ll.4? 
25 
Starrlard 
deviation 
43.3 
.27 
5.5 
-JO 
26 
20 
160 
75. 
205 
1. 21 
�·�ilk 
prod\;.c "=.ion 
Ite:n �k�� 
!Jre ed  of da.i:ia 
M. 28� 7 :t . 9  
cc 17 .9 :t 1 . 1  
J.I; 19 .9  :! 1. 0 
CA 19 . 8  :!' 1 . 0  
Ag e  o f  dam 
2 19 . 2 :t . 6  
3 18 . 2  + .9  
4 21 .J t 1.2  
Sox of c alf b 
M 20. 0 :!: . • 7 
F 19 .l ::- . 7  
Yea!" ** 
1972 18 . 8  :1' 1 . 1  
1973 17 . 4  !' 1. 0 
1974 22. 6  !' . 6 
C:.lf ago * *  
(linear b) - · 09 :t . J  
Prev::..:>us parity 
(linear ·b ) --
Future parity 
(l:i..near b ) --
TABLE 11 .  LEAST SQUARES ME.Aa� ,  PARl'IAL RmRE.SSION COEFFlCIENl'S .AND 
STANDk�..D ERRO?.S FROM FIKAL MODEL I ANALYSES 
C ow ·Co.,... 
weight c cndition 
�k�) (k�[cm� 
* *  * *  
415 :! 5 3 .90 ± . 05 
459 :t 7 4. 02 + . 06 
�26 + 6 3 . 84 i . 05 
444 i 6 4 . 02 :t . 05 
** 
424 :t 5 3 .90 :t . 04 
430 ± ?  3 .90 :t . 06 
454 !' 9 4� 03 t . 07 
b b 
436 ! 4 3 . 94 :t . 04 436 t 5 3 .95 :t . 04 
431 :t 7 4. 02 :!' . 06 
432 t 6 J . 87 :t . 05 446 · :r 4 3 . 95 ± . 04 
-- --
•• • 
Cow 
TDN 
�k�) 
• •  
2rn7 :r n 
2290 :t 17 
2288 :t 15 
2255 :t l� 
•• 
2230 :t 10 
2214 + · 14 
2321 i 20 
--
--
...  
2)71 + B 
2115 i i.s· 
2279 t lJ 
•• 
l . 82 :! . 41 
Cali' Total 
TDN . TDN 
�ks> �k�) ** 
253 % 10 2446 % 19 
285 t 13 2584 :t 24 
259 t 9 2553 t 20 
273 :t 10 2530 t 19 
•• •• 
205 :t 9 2426 + 17 
280 + 13 2507 i 24 
318 t 16 265]. :! JO 
'2:16 + 8 --
260 :!' 9 --
. ... •• 
321 + 13 2700 t 24 
265 i 12 2384 :t 22  
216 1" 8 2499 :t 15 
•• •• 
l.90 :t . 29 J.75 :! 
•• • • • 
.55 
17 . 07 :t 5� 82 .10 ? ·. 05 -- -31.19 . ± 10. 04 -45. 00 % 18.9J 
-- -- 24. 64 t 17. 34 
Weaning 
weight 
�k�2 
218 :.t 4 
226 :t 5 
223 :t 4 
220 t 4 
217 :t 3 
. 218 + 4 
231 t 6 
• •  
231 :t 3 
212 • :t  3 
228 t 5 
222 t 5 
215· :t 3-
• • 
. 88  t . 12 
. a AA = Angus x Angus � CC = Charolais x Charolais , AC = Angus x Charolais and CA = Charolais x Angus� b SJX rcmainod in mod al due to significant (P < . 25 )  tirst order interactions. « · 
* p < . 05 .  
\..>ii p < . 01 • . 
Ef'f'iciency 
�k�Lk�2 
11. 32 :t . 17 
11 . 41 % . 23 
11.46 t . 19 
. 11. 63 :t . 18 
• •  
11. 00 t . 14 
11.91 t . 14 
•• 
11.90 t . 21  
l0 . 79 ! . 21  
11. 67 t . 14 
•• 
- . OJ ! . Ol 
l\) °' 
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TABLE 12. SIMPLE CORRELATION COEFFICIENTS OF DEPENDENT 
VARIABLES FROM MODEL I ANALYSIS 
' . 
Weaning Milk 
Cow Calf Total Weaning effi- produc- Cow 
TDN TDN TDN wei�ht ciencl ti on weight 
Cow TDN 
Calf TDN . 23a 
Total TDN . 87 . 69 
Weaning weight . JJ . 47 . 48  
Weaning efficiency • 08 - . 17 - . OJ . - . 87 
Milk production . 08 - . ll . . oo . 44  -. 52 
Cow weight · . 65 . )5 . 66 . )2 - . 04 . 04 
Cow condition . 55 . 25 . 54 . 14 . 08 - . 06 . 8) · 
a Correlations > 1 . 17 j significant at p < .  05 . 
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Totusek !.!:, .!!· •  1973 (r = . 88 ) ;  Neville , 1962 (r = . 81) and Melton 
.!l .!l· •  1967 (r = . 72). Similarly , Rutledge _!!: _!!. (1971) found 6� of 
the variation in weaning weight accounted for by milk produc tion. 
Association of these traits appears to be lower when c alves are allowed 
.!£ libitum access to creep feed in drylot as indic ated by the correla­
tion in the present study at¥i those reported by Hohenboken .!!, !!· •  
1973 (r = .JJ )  and Carpenter !!:, .!!· •  1972 (r = .J5). 
Signific ant ( P <. Ol ) breed , cow age ,  previous parity and age x 
year effects existed for· cow we�ght and only breed and previou s parity 
accounted for significant ( P cC.. 01)  condition differenc es ( table 11 ) .  
A relativ�ly high correlation existed in these data between weight and 
cordition (r = . 8J ) , and there was moderate relation of the se . traits 
with cow TDN and total TDN but little association with efficiency or 
milk production ( table 12 ) .  
Cow TDN intake was signific antly ( P<: .  01) influenced by breed 
and age of dam , year and calf age effects .  The largest breed of dam 
differences appeared between straightbred Angus and the other three 
groups , but these were not practic ally important ( 68 to 103 kg ). Four­
year-old dams had highest intake levels and the range of values for age 
of dam effec ts was similar to that for breed groups . The regression or 
cow intake on calf age at weaning was positive and probably due to the 
feeding regime , sinc e  grain levels were i�reased at parturition to 
support lactation. Thus , earlier c alving cows received more TDN because 
of longer lactations . The correlation of cow TDN and weaning efficiency 
was . 08 ( table 12) ,  irdicating a small undesirable association. Kress 
� !!· ( 1969 ) reported phenotypic c orrelations of first, second and 
third lactatio� TDN consumption and cow lifetime weaning efficiency 
in Hereford twins to be - . 25 , - . JO ( P  <. 05 )  and - . 01 ,  respectively , 
when cow s alvage · weight was not included in the efficiency measure. 
They used. an inverse of the efficiency ratio utilized in the present 
s tudy , thus accounting for opposite signs of the correlations . 
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·carpenter !,! al. ( 1972 ) found a correlation of -. 4J between cow 205-day 
lactat-ion feed consumption and weaning weight produced per unit of 
feed ·intake. The lower association of intake a� efficiency in thi s  
analys i s  may result from TD N  intake being a yearly rather than lactation 
total. 
Age of d am ,  year , c alf age and previous p arity status caused 
significant ( P .C. . 01 )  variation in c alf TDN consumption. Creep intake 
was lowly correlated ( - . 17 ) with efficiency indicating that , as creep 
c onsumption increased , effic iency tended to improve . Carpenter !!.!: _!!. 
( 1972 ) found a similar relationship of . 25 . Kress !.! .!!.• ( 1969 ) ,  
analyzing cow lifetime efficiency wi thin lactation period , reported 
positive as soc i ation with creep c onsumption in sec ond and third 
l ac tations but negative c orrel ati ons in first c alving c ows . 
With the �xc eption of signi fic ant ( P < . 05 )  effec ts due to 
previous parity , total TDN int ake was infiuenc ed  by the s ame factors 
as c ow TDN ( table 11 ) .  This i s  reas onable sinc e  a high c orrelation of 
. 87 exi s ted between these trait s , and c ow TDN accounted for the greatest 
portion o f  total TDN. Tot al int ake had e s senti ally z ero relation ship 
to effic i ency . 
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Calf sex and ag e  were the only variables accounting for signifi­
cant (P < .  01) variation in �eaning weight in these data. Efficiency 
was highly correlated with weaning weight (r = -. 87) .  C arpenter .!!_ .!!• 
(1972) also reported a high association of . 71 ,  but Kress � .!!· (1969 ) 
found correlations of . 21 to .50 when cow salvage weight was not 
included in the efficiency estimate. 
Model ·r analysis indic ated that sex,  year and calt age accounted 
for most of the variance in efficiency ( table 12). Onks tl .!!.• ( 1975) 
similarly reported c alf age a.rd . sex to have important effects on Angus 
cow-c alf efficiency and Carpenter !1 !!· (1972) found year ar.d sex 
effects signific antly affected 205..day production efficiency. In th& . 
present study, cows weaning male calves were 8� more effic ient than 
those with female progeny. 
Model
_ ,!! 
Analysis 
Linear regression coefficients are shown in table 13 for cow 
weight ,  milk production and condition effects remaining attar final 
elimination for each dependent variable in model II ·analyses . 
Mille production had signific ant ( P  < . Ol)  effects on weaning 
weight and efficiency and accounted for significant ( P <. 25) variation 
in creep feed intake . Cows producing more milk had heavier c alves at 
Weaning a.rd were more efficient.  Linear regression coefficients for 
Weaning weight and efficiency on milk production were 1.528 and -. 095, 
respectively. This trend for greater efficiency in higher milking cows 
agrees with results of Kress et al.  (1969)  and Carpenter !i .!!.• (1972 }. 
- -
However , Holloway .!.! .!!• (1975 ) using dam breeds _of' widely varying 
TABLE 13 . LI NEAR REGRESSION COEFFICIENI'S AND STANDARD ERRORS FOR · EFFICIEN::Y 
AND RELATED TRAITS ON MILK PRODUCTION ,  COW WEIGHT 
Item 
Milk produc tion (kg ) 
Cow weight ( kg )  
Cow c ondition (kg/cm ) 
* *  p < . 01 .  
AND CONDITION FROM FINAL MODEL I I  ANALYSES . 
Weaning 
Cow TDN Calf TDN Total TDN weight Efficiency 
(kg) (kg) (kg) fkg) (kg/kg) 
* *  * *  
-1 . 832 ! . 973 -- 1. 528 :t . 369 -. 095 :! . 018 
* *  * *  * *  * *  
1 . 616 :!' . 192 . 686 ! . 151 2. 259 ? . 244 . J67 ± . 108 - . 006 :!" . 005 
-21 . 973 ? 13 . 190 . 868 t . 532 
\.A) � 
milking ability (Hereford , Holstein and Hereford x Holstein) reported 
no signific ant
. 
(P > .  05) breed group variation in weaning_ efficiency. 
In the present study , c alves receiving more milk ten:ied to cons'Ullle 
less creep TDN. 
Although cow weight significantly ( P < . 01) affected al1 measures 
of TDN consumption and weaning weight , the regression of efficiency on 
cow weight was small and nonsignific ant (b = - . 006) . Heavier cows and 
their calves required more feed but also produced more weaning weight , 
thus one trait appeared to counterbalance the other when combined in 
the efficiency ratio. Onks .!!:. .!!• (1975) reported a similar ef'fect or 
initial weight of' in:iividually fed Angus_ cows . Kress et al .  ( 1969) , 
-- - � .. 
Carpenter !i .!!.• (1972) and Klosterman � al. (1974) indicated a t�end 
for lighter cows to be more efficient , but only Kress an:i co-worker s 
f'ourd a signific ant relationship. The sign of the regression 
coefficient c alculated by model II an�sis iniicates c ow weight effects 
on eff'ici·ency in these data are contrary to those reports . The 
regression of proge.tzy' weight on dam weight in this study (b = . 367) is 
larger than values reported in the literature ranging fran . Oll to . 127 
(Christian .!.!:, .!!.• ,  1965 ; Tanner !i .!!• ,  1965 ; Urick � al . , 1971; Trail 
.!! .!!.• ,  1971 ; Jeffery and Berg , 1972 ; Bennyshek arxi Marlowe , 1973 ;  
:Edwards and Bailey , 1975) .  This coefficient ,  however , was c alculated 
holding milk production and condition constant and was an average dam 
Weight for the year of record rather than one weight taken at 
parturition,  weaning or in the previous fall as in the a.torementioned 
studies . 
Increases in cow co·ndi tion negatively affected weaning weight 
and. efficiency, arri condition effects were eliminated .from TDN intake 
models . More high1y conditioned cows tended to produc e lighter c alves 
at weaning al'¥i to be less efficient when weight and milk production 
were constant ( table 13 ) .  Kress _!i .!!.· (1969) also .found c ows with 
higher weight-wither height ratios to be less efficient. 
Least squares breed group means tor efficiency an:l related 
traits arter inclusion or cow weight , condition am milk production as 
sources of variation are shown in table 14. Means and analysis of 
variance indic ated breed group ·variation was reduced .for all traits . 
Largest mean square. reductions occurred .for TDN intake measures am 
weaning weight , but breed group differences did remain signific ant 
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( P  < . 01 )  .for cow TDN and total TDN. Compared to model I analyses , 
breed group variance in calf TDN decreased by 95f,,  but reduction in the 
mean square for efficiency was only 14i when milk , weight and c ondition 
were included . 'Ihus , these variables described most breed differenc es 
in progeny .feed consumption but little breed group variation in 
effic iency. The small° decrease in efficiency could result .fran 
opposing effects of milk , weight and condition between breed of dam 
groups . 
Regression Analysis 
Stand ard  partial regression coefficients presented in table 15 
were calculated from the residual correlation matrix of cow weight, 
condition , milk production and efficfency from an analysis including 
breed of dam , c alf age and sex ,  year ,  breed of dam x year and sex x 
TABLE 14. LE.AST SQUARES MEANS AND STANDARD ERRORS FOR BREED OF DAM 
CLASSES FROM ANALYSES I?l:LUDING MILK PRODUCTION, 
COW WEIGHT AND CONDITION 
Weaning 
Cow TDN Calf TDN Total TDN weight Effie i ency 
Item �kg� �k�) �k�2 �ksl 
�kglks2 
Breed of dam.a • •  • •  
AA 2217 :t 12 266 :t - 9 2483 :!' 15 223 ·t 4 11. Jl t .18 
cc 2247 :t 15 259 :t 13 2516 :!' 19 225 ! 5 11. 19 :!' . 22 
AC 2297 ! 12 259 :t 10 2557 :t 15 225 :t 4 ll . 43 :!: . 18 
CA 2237 :t 12 264 :t 9 2504 t 15 220 + 4 11. 52 :!: . 16 -
a AA = Angus x Angus , CC = Charolais x Charolais , AC = Angus x 
Charolais ani CA = Charolais x Angus • 
•• p < . 01 .  
TABLE 15 . STANDARD PARTIAL REGRESSION COEFFICIENTS AND COEFFICIEN'!S 
OF DETERMINATION FOR EFFICIE?CY CW::ULATED FROM. RESIDUALS 
OF FINAL-STEP, MODEL I EFFICIE?CY ANALYSIS 
Equation no . Milk production Cow weight Cow con:iition R2 
1 - .46 - . 21 . 22 . 24 
2 - . 47 - . 02 . 2J 
J - . 47 . 04  . 23 
4 - . 35 . J6 . 04 
5 - . 43 . 23 
6 - . 21 • 003 
7 . 19 . 003 
JS 
year as s ources of variation. From a biologic a1 starnpoint , regressions 
indicate that �lk production levels are accountable tor much more 
variation in weaning efficiency than either cow weight -or condition or 
both trri ts in caribination. The R2 value was as high for milk produc­
tion alone (R2 = . 23 )  as it was in canbination with either weight or 
condition. Weight or condition individually accounted for less th.an l­
ot the variation (table 15) ,  izxlicating that over the range studied . 
these traits had little effect on weaning efficiency. 
Results of stepwise multiple regression analysis (table 16) 
indicate the relative importance of practical measures which may be 
used to predict efficiency. Dam age was not included initially as an · 
ia:lependent variable since it accounted for such a sma11 portion of 
variance in efficiency by least squares analyses . Actual weaning 
weight accounted for 62� of the variation a.rd a11 six variables included 
accounted for 74'f,. The high R2 value tor weaning weight alone suggests 
this trait accounts for considerable variation in efficiency due to age ,  
sex and milk production effects shown to be important by least squares 
analyses . Sex, milk and cow weight generally accounted for little 
variation ( table 16) .  Calf age increases had detrimental ef'tects on 
efficiency in regression analysis. The beneficial effect of' calf' age on 
efficiency in the least squares results ( table 11) was due to associated 
weight increases with increased age . The opposite effect of' age by 
regression analysis ( table 16) resulted from inclusion of weaning weight 
as an independent variable and izxlicates greater efficiency . in heaVier 
weaning c alves at young ages . Effects of incr�ased cow condition on 
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TABLE 16 . STANDARD PARTIAL REGRESSION COEFFICIENTS AND COEFFICIENTS OF 
DETERMINATION FOR VARIOUS EFFICIENCY PREDICTION EQUATIO NS 
.Adjusted a · Milk Cow 
Equati on weaning Weaning Calf C alf produc- Cow c ondi-
R2 no . wei�ht weisht ase sex ti on weisht ti on 
1 - . 99 . 32 . 03 - . 08 . oo . 24 . 74 
2 -1. 02 • 34 . 03 - . 17 . 25 . 74 . 
· 3 -1. 00 . J4 . 03 - . 09 . 20 . 72 
4 -1. 01 • 35 - . 09 . . 21 . 71 
.5 -1 . 03 • 3.5 . 24 . 74** 
6 - . 98 . Ji . 19 . 71** 
7 -1. 04 . 38 . 68 •• 
8 - . 79 . 62*• 
9 - . 69 - . 12 - . 14 . JO . • 53 
10 - . 68 - . 14 . 19 . 52* 
11 - ·. 70 . 18 . 50** 
12 - . 69 . 47 ** 
a Beef Improvement Fed erati on suggested ad justment s  for age , sex and 
age of dam. 
* P .C: . 0.5.  
* *  p <:-. 01 . 
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effic iency were always und esir abl e and si gnific ant ( P ..C. . 01 ) .  Regres- . 
sions were of similar magnitude to those for c alf age .  Cow wei ght had 
n.o effect on efficiency when all variables were includ ed , nonsignificant 
beneficial effec ts ( equati ons 2 and 9 ) when corrlition was also present 
but signific ant ( P < . 01 )  detrimental effects ( equations J ,  4 and 6)  
� 
when c on:lition was not included in the predicti on equation.  This 
· var i able effec t is probably due to a high correlation ( . SJ ) between 
weight and c orrlition in these d ata. Kress .!1 .!!· ( 1969 ) suggested a 
similar explanation for negative regression effects of cow weight in 
Hereford twin effic iency data . 
Results of initial analyses ( equations 1 through 8 ) suggested 
ad justed weaning weight might be an accurate prec:;lictor of efficiency. 
Further analysis indic ated , however , that age , sex and age of d am  
ad justed weight accounted for only 47% of the vari ati on , and accuracy 
of equati ons including this trait (9 through 12 ) was c onsid erably 
reduced. Correc tion for dam age likely reduced R� values sinc e this 
factor was unrel ated to effic iency by least squares analyses . Adjust-
ment to 205 d ays may have also acc ounted for reducti on. 
Of tho s e  examined , efficiency pred ic tion equations presented in 
table 17 appear to be most effective from . an accuracy and simplicity 
standpoint . Equation 5 includ i ng actual weaning weight , c al f  age and 
cow weight-height ratio was most accurate and would nec essitate c ow 
c ond i tion measurements . For breed ers ob taining cow wei ghts ,  equati on 6 
would be mos t  reli able .  From a practic al viewpoint , however , equation 7 
TABLE 17 . SUGGESTED REGRESSION �UATIONS FOR 
PREDICTION OF WEANIN'.Z EFFICIE?l:Y 
No . feuation 
5 Y = 11.9708 - . 0416 ( actual weaning weight , kg ) 
+ • 0211 ( age at we.aning , days ) + 1.1008 
(cow weight-height at weaning, kg/cm) 
6 Y = 1J .708J - . 0419 ( actual weaning weight , kg) 
+ . 0226 ( age at weaning , days ) + . 0054 
( cow weight, kg ) 
7 Y = 16. J468 - . OJ94 ( actual weaning weight , kg) 
+ . 0185 ( age at weaning, d qs )  
Standard 
error 
of the 
estimate R2 
± . 6J4 .74 
:t . 661 . • 71 
t . 693 . 68  
including actual weaning weight a.rd calf age would allow ample 
effectiveness with minimum additional. record collection. 
Reproductive Trait Analysis 
Le·ast squares model III breed group comparisons of reproductive 
_J8 
traits are shown in table 18 . Year and previous parity effects remained 
in the model for fertility. Age of dam, year and age of dam x year were 
included in the final analysis of livability. Straightbred Charolais 
cows were significantly ( P < . 05) less fertile and weaned significantly 
( P �. 05 )  fewer calves than straightbred Angus or crossbred dams , but 
important differences did not exist between Angus and crosses for these 
traits . Fertility and calf crop weaned heterosis estimates of 8 a.rd 10�, 
respectively, are similar to values reported by Cundiff .!!, .!!.· , 1974 
( 7. 5 ,  8 . 5�) for Angus , Hereford , Shorthorn and reciprocal crosses and 
J9 
TABLE 18. LEAST SQUARES ME.A.NS, DIFFERER::ES AND STANDARD ERRORS 
OF BREED GROUP COMPARISONS FOR REPROOOCTIVB. TRAITS 
Calves Calves 
born weaned 
Item No. ��2 ��2 
AC and CJ.a 79 90.4 81 . 0  
AA am CC 78 8J�7  ?J . 6  
Difference . 6. 7 7 . 4 . 
Stardard error 11.l lJ. 2  
AC ard CA 79 9o .4  81. 0  
AA 42 91. 6  8J. O 
Difference -1 . 2  ... 2 . 0 
Standard error 14.l 16. 8 -
AC and ·c.A .. 79 . 90 .4  ·a1. o 
cc J6 75 . 8  64. 2  
Ditf'erenc e 14. 6• 16. 8• 
Standard error 14. 9 17. 8  · . 
-.� ' 
il 42 91. 6  83. 0 
cc J6 75 . 8  64. 2 
Dif'f'erence 15. 8 •  18.8•  
Stardard error 7 .9 9 .4  
CA J8 94. l  89. 5  
AC 41 86. 6  72.4  
Difference . 7 . 5  17.l  
Starxlard . error '9. 4  ll. 3  
a 
. A.A = Angus .X Angus , CC = Charolais x Charolais , AC = Angus x 
Charolais an:! CA = Charolais x Angus. 
• P < . 05 .  
Peacock ,tl _!!. ,  1971 (9 .4 ,  11. 5�)  for Shorthorn, Brahman atd crossbred 
cows . Gaines et al .  (1971) reported lower and Turner et al. (1968 ) -:--- - - -
reported higher heterosis levels than the present study. Although 
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not significant ( P  > .  05 ) ,  the difference between reciprocal cross means 
was large ( table 18 ) .  This variation, however , may be a result ot · the 
single sire mating scheme employed to produce the experimental t•ales.  
Cundiff .!! .!!• (1974) fowxl differences between Hereford and Angus 
reciprocal crosses of 7.7'f, for full-term calves born and 11. 1� (P< . 05 )  
for calves weaned. Conversely, . Turner !.! .!!· (1968 ) reported no 
significant variation between reciprocal crosses or the Hereford , Angus , 
Brahman arx3. Brangus breeds. 
Partial regressions of reproductive traits on cow weight were 
positive and approached signific ance (P> . 05 )  for the overall analysis , 
but effects were substantially reduced when cow condition was included 
in the model. The effect of milk production levels on rebreeding 
performance was also estimated for cows weaning calves and results 
were small positive regressions accounting for little variation in 
rertili ty in these data. '!his trend indicates higher milk production 
levels were supported by the feeding regime and stress situations 
interfering with fertility probably did not exist in these drylot 
data. 
General Conclusions 
Breed group evaluations in these analyses were probably 
influenced by the one-sire mating scheme used to produce the experi­
mental females . Results suggest , however , that sma11 breed variation 
in efficiency exis ts for c ows weani ng c alves and r aised and m anag ed  
in the s am e  environment . Differenc es in the gross efficiency measure 
are minor when compared to reproductive efficiency differenc es . Thus , 
it appears that heterosis for reproduc tive performanc e is the major 
advantage of the crossbred cow. 
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Results irdic ate that c ow size and c ondition have little effect 
on efficiency of c ows weaning c alves , whereas higher milk produc tion 
levels measured direc tly or indirec tly as weaning weight are benefici al .  
Larger cows apparently produc ed enough more c alf weight to b alanc e 
greater nutrient requirements . It would seem d esirable to study 
similar effici ency information over a wider r ange of c ow weights . The 
signific ant ( P < . Ol ) biologic al effec t of milk production on effici ency 
and the importance of reproduc tive performanc e  on net weaning efficiency 
suggest further study of milk secretion and its rel ati onship to fertility 
in r ange and pasture management regimes . 
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SUMMARY 
Rec ord s  'of individually fed two- , three- and four-year-old Angus , 
Charolais and reciproc al cross cows weaning c alves were analyzed to 
determine fac tors affecting weaning efficiency measured as the ratio of 
units of c ow-c alf TDN input per unit of weaning weight produc ed .  
Reproductive traits of all c ows were also studied .  
Calf age and s ex ,  milk produc tion and year had s ignific ant 
( P< . 01 )  effec ts on efficiency. Breed of dam effec ts were sm all and 
· nonsi gnific ant both before and after inclusion of c ow weight , c ondition 
and milk produc tion in the least squares model . Cow size measured as 
the average weight for the year of rec ord significantly ( P<. . 01 )  
affec ted all measures of c ow an:i c al f  TDN int ake and weaning weight 
but accounted for less than l� of th e variati on in effici ency .  Cow 
condition effects were of similar magnitude.  1"11.lk produc tion differ­
enc es explained 23% of the varianc e in efficiency .  
Multiple regression analysis indic ated that actual weaning 
weight acc ounted for 62% of the variation in effici ency . The 
importanc e  of this trait resulted from an accumulati on of effec ts due 
to milk produc ti on ,  c alf age and sex which hao signific ant effec ts on 
effic iency in least squares analysi s .  Effic iency pred ic tion equations 
which were most accurate included weaning weight , c alf age and cow 
c ondition or c ow weight , but simplest and nearly as reliable was an 
equation including only ac tual weaning weight and c alf age . 
Angus and cros sbred c ows were not different ( P > . 05 )  for 
reproduc tive tr aits , but these  groups were more fertile ( P < . 05 )  and · 
weaned more calves ( P <:::. 05 )  than Charolais c ows . · When pooled across  
breed groups , c ow weight , c ondition and . milk production had small 
· effects on reproduc tive performanc e under the drylot management regime 
of this experiment. 
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APPENDIX 
TABLE L MEAN SQU.AHES OF FINAL.STEP MODEL I ANALYSES 
-
.Sourc e of Cow .C alf Total W'3D.ning 
variation d f '!'DN df TD:J df TDN df ,1ei�ht 
Breed of d am ·  ...  •• 
(B)  3 73385 J 5576 3 103422 3 334 
Ago cf da.n • •  • •  •• 
(D)  2 6)004 2 39799 2 180851 2 1108 
� ::lX of c al! "' *  
( S )  l 6787 l 10286 
Ye.-u- * *  • •  • •  
(� ) 2 358))6 2 75408 2 531754 2 1073 
B x D  
!) x ::> 
B x Y  6 715 
D x S 
D x Y  
l 5357 
S x Y  
.Calf age *"' • •  • •  •• · (linear b )  1 107513 l 116167 l 4.55452 1 24412 
Previous p arity • •  • 
( linoar b )  l 26212 . 1  558)6 
Future parity 1 11209 (linear b)  
rte.'.'!aind�: ll2 5548 llO 2713 ll2 9885 106 426 
a Variable remained ir. model due to significant ( P <. 25 ) ir.teract�.c·n. .... P<. 05 .  · 
** P �. Ol. 
Weaning 
df effic . 
) .56 
* *  
l 2).40 
• •  
2 8.15 
6 1.56 
• •  
l 21.15 
108 1. 0.3 
Milk Cow Cow 
df :e:rod. d f  wt d f  corrl . 
•• •• 
3 28. 2 J lOOJO . 3 . 24 
• 
2 46. 4 2 3699 2 • <Y} 
a a. a 
l 22. 5 l l 1 . oo 
• •  
2 214. 7 2 2198 2 . 16 
6 24. 2 
• 
3 58. 2 . 3 1667 3 . 10 
•• 
l 7847 
• • 
l 228. 0 
•• • 
l 7127 1 . 22 
10.3 20. 3 108 827 109 . 06 
� 
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TABLE 2 . MEAN SQUARES OF FINAL-STEP MODEL II ANALYSES 
Sourc� of Cow Calf Total Weaning 
variation df TDN d f  TDN - - -df __ _ __ TDN df weight df Effie . 
Breed of d am  * *  ** 
( B ) 3 35426 3 287 3 29603 3 120 3 . 48  
Ag e  or dam ** ** ** 
(D) 2 23968 2 23890 2 ?4519 2 411 
Sex of c alf • •  * *  * *  
( S )  1 10405 1 9066 1 19. 53 
Year ** ** ** ** ** 
(Y) 2 327619 2 6809? 2 531659 2 4-0?8 2 14.10 
B x D  
B x  S 
B x  Y 6 560 6 1 . 20 
D x S 
* *  
D x Y 1 13900 1 9866 1 483 
* 
s x y 2 1183 2 2. 02 
Calf age * *  * *  * *  * *  ** 
( linear b )  l 146828 1 103154 1 559897 1 31153 1 40. 21 
Previous parity ** * *  * *  ** 
( linear b )  1 32556 1 38405 1 1589?? 1 2191 
Future parity 
11914 ( linear b )  1 7128 1 
Milk production ** ** 
( linear b )  1 8133 1 5388 1 21. 65 
Cow weight * *  • • ** ** 
( linear b )  1 242173 1 47526 1 473389 1 · 3598 1 1. 33 
Cow condition 
( linear. b )  1 871 1 1. 49  - - -
Remairder 109 3424 109 2294 109 5511 99 314 103 . 79 
* P <. 05 • 
•• p <. 01.  
